INTRODUCTION

This paper presents a methodology for solving power dispatch problems in electrical power distribution and transmission networks through Evolutionary Algorithms (EA). Optimising the dispatch of distributed generation units embedded in high and medium voltage distribution networks will be discussed taking into account system capacity, voltage levels, electrical losses and generation costs. The basics of Evolutionary Algorithms is presented showing their elementary functionality, detailed characteristics and applicability, as well as the particular development for the proposed problem. Concerning the computational environment modelling, a network-planning integrated application is used to make networks editing and results displaying more efficient. The case study applied to an illustrative high voltage distribution network helps to explain the main purpose of this article as a contribution to the optimisation methods applied to electrical power system problems.
PRELIMINARY CONSIDERATIONS
The planning of sub-transmission and distribution networks has been the subject of many research works, that consider the application of mathematical programming and multiple criteria models to propose a number of representative objective functions to be minimised, such as the operational network costs [5] [7] [8] . Linear programming, transportation algorithms, dynamic programming and heuristic search techniques have been efficiently used to address the main questions concerning network planning: when, where and how much to invest. The growing demand for quality of service as well lower electrical system operational costs have led to the need for new implementations and techniques to be used in dealing with such complex real problems. This paper intends to make use of a new method that is able to assist in the operational planning of electrical power networks with multiple supply points, such as thermo-electrical generators, small hydropower stations, co-generators and other renewable power sources. Seeking the solution of such an up-to-date and complex problem, the authors came up with idea of applying evolutionary algorithms, more specifically based on evolutionary strategies, to deal with the optimal dispatch of distributed generation units in electrical power distribution networks.
PROBLEM STATEMENT
It is common knowledge that the operation of a power system must meet technical capacity constraints involving network components and voltage constraints in network busses, since the quality of service is directly related to such parameters. Furthermore, the system must operate in such a way that power losses and energy supply costs are kept as low as possible. Multiple generation points can supply subtransmission systems, which are commonly named high voltage networks for distribution companies, what makes their operation and maintenance more complex. Also, such complexity makes it difficult to develop consistent models to deal with operational problems.
This paper aims at developing a new method to address the operational planning of distribution networks, considering distributed generation units spread out in the system. The optimal dispatch of each generation unit is sought such that all network branches should operate within admissible technical limits, all network busses should present voltage levels within an acceptable range, network losses should be minimal and, depending on the application, the total generation cost, considering all supply and generation costs should be kept as low as possible.
This problem presents features making its solution more difficult, e.g. the objective function is non-linear, it might be discontinuous and so forth. The proposed method can be applied to high and medium voltage distribution networks, considering embedded generation, i.e. both levels considered and analysed simultaneously.
OPTIMISATION AND SOLUTION TECHNIQUES
Solving an optimisation problem consists in determining a solution vector that contains the sought problem parameters. That is, the optimal solution is a vector such that no other one in the solution space provides a better value to the problem objective function. In maximisation problems, one can right that maximising the objective function
, where M is the space limited by the problem constraints.
Various methods and techniques address the optimisation of parameters in real problems. It is very difficult to compare such techniques, since each specific problem presents different characteristics and different performances and behaviours for each technique. In [6] , the "no-free-lunch theorem" states that it cannot exist an algorithm that solves parameter optimisation problems with better performance than any other competing technique or algorithm. However
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Many mathematical programming models have been applied to address distribution planning problems [7] [8]. Random search techniques however have reached a surprising popular status and have led to considerable progress in the application of evolutionary computation for global optimal search problems. In [2] , evolutionary algorithms and evolutionary computation are referred as techniques or combination of techniques involving genetic algorithms, evolutionary programming and evolutionary strategies. Such techniques have in common the main concept of simulating the natural evolution through operators such as recombination, mutation and selection to determine in a random and controlled process the best individuals that represent the optimal or sub-optimal solutions to the given problem.
EVOLUTIONARY ALGORITHM STRUCTURE
This section deals with the proposed structure of the evolutionary algorithm applied to the optimal power dispatch problem. The algorithm structure is illustrated in figure 1 . An initial population P(0) is randomly created. After that the generation loop comprises the following steps, for a given generation t: variation of the population to P´(t), fitness assignment to the individuals of P´(t), and the selection process to form the subsequent generation P(t+1). 
Codification
The individual used in this algorithm represents a possible situation for the dispatch of generation units. It is codified in such a way that it stores the information related to generators in the system. Each generator presents two main variables, namely the injected active power and the voltage magnitude (in p.u.). These two variables occupy two positions in the string that represents the individual. That is, for a system with n generators there will be 2n locus (or loci) for each individual codification. In each locus, there will be two main pieces of information, namely the value of the variable to be optimised and the corresponding mutation step σ. This means that for the variable generator voltage magnitude there will be the voltage mutation step and for the variable injected active power there will be the active power mutation step.
The variables and mutation steps can be constrained in a given range, what is mainly used for the initial population. Figure 2 illustrates the string codification for a generic power system, having 2 generators (G1 and G2) and some load points.
Fig. 2. String codification for a 2 generator problem
Mutation
As in evolutionary strategies, the mutation process of the proposed EA plays a very important role to direct the evolution of every single individual. The mutation operator makes small variations in the individual string that might lead to better solutions that will be selected to next generations. The number of mutations per individual in a given generation is set to a specific value. In a formal way, the mutation is described by the following equation:
where:
is a i th modified variable of the string x i is the i th variable of the string σ is the mutation step N i (0,1) is a random value bearing Gauss distribution (average equal to 0 and standard deviation equal to 1) Equation (1) ensures that each variation in the variable is proportional to the mutation step, what produces different variations for each locus resulting from different mutation steps and from the randomly generated N i values.
Self-adaptation
First introduced by Hans-Paul Schwefel [4] , self-adaptation of an individual aims at controlling the mutation step towards the optimal solution. This is due to the fact that when an individual is far from the optimal solution it is interesting that mutation provokes bigger alterations whereas when the
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individual is closer to the optimal solution mutation steps should be kept low to fine setting the parameters. This is also called evolution strategy and the mutation step is an important parameter to dictate how well performed is the mutation. In a more formal way, an individual
is composed of variables x ρ and corresponding mutation steps σ ρ that should be randomly altered by: 
Recombination
The recombination operator is introduced to add variability to the random search in the solution procedure. It is based on the principle of genetic information trading between individuals that can possibly lead to better individuals. In evolutionary algorithms, it tends to forbid convergence to local optima. As in genetic algorithms, recombination is herein carried out by using a probability rate.
The variables and mutation steps of each individual are obtained by determining the average of variables and mutation step values of the corresponding parents. Figure 3 illustrates recombination for 2 individuals. The variables and mutation steps in each locus for the new individual can be determined by the intermediate recombination, given by:
Fitness assignment
The string codification represents an operational configuration of the studied electrical power system, more specifically concerning the generator parameters. In order to evaluate a given configuration, the following parameters must be computed: bus voltage levels, branch loading levels, system losses and total generation cost.
The evaluation of these variables is based on load flow calculations. Since the model intends to determine the best generator configuration, the load flow method should handle multiple slack, generator and load busses in meshed systems. A conventional Newton-Raphson method making use of sparse matrix and linked list computation was chosen. Moreover, a given instant of the daily load curve is analysed, but this assumption could be changed according to the application. The objective function is derived as follows: 
Selection
The selection of individuals to form future generations is deterministic, since it only selects the best individuals from a set comprising the original population and its altered individuals formed by the mutation and recombination operators. The selection process of the proposed EA is equivalent to the known (µ + λ)EE process in Evolution Strategies, which means that the selection procedure assumes that µ parents generate λ individuals, and the best individuals are selected from the union set, ensuring that future generations are always better than previous ones, characterising what is called elitism. Figure 4 illustrates the selection process adopted in the algorithm. 
CASE STUDY
The network illustrated in figure 5 The proposed evolutionary algorithm was simulated using the following parameters: 100 generations, 5 individuals per population, 10 mutation operations per individual. Figure 6 illustrates the evolution of the general fitness function as well as the injected active power and corresponding mutation steps in generators G1, G2, G3 and G4. The optimal solution that leads to minimum losses and no overload or voltages outside the acceptable ranges is shown in table 2. One should notice that the convergence is proven by the small values of the mutation steps. 
CONCLUSIONS
This paper has shown a new method to address the optimal dispatch in generators connected to distribution networks. The proposed evolutionary algorithm has proven to be an effective tool to contribute in the operational planning of distribution systems, mainly when distributed generation is playing a more important role in electric power systems.
